A. Numerical calculation of vortex oscillations based on Thiele's equation
We numerically calculated vortex-core motions based on Thiele's equation S1 .
First, we derived a susceptibility tensor S2, S3 of vortex-core motion responding to a linearly polarized harmonic field. The susceptibility function is given as 
. Here, h 0 is the field strength of the circular-rotating fields,  is the phase, and h  is the angular frequency. 
B. Analytical calculation of optimized pulse parameters
In order to estimate vortex-gyration excitations in response to sequential
Gaussian field pulses, we used the linearized Thiele's equation
S1
of vortex-core motion based on the "side-charge-free" model S4 . From earlier theoretical and numerical studies S5 , it is known that vortex responses to any driving forces are the result of the superposition of responses to individual harmonic oscillating forces. The sequential Gaussian-pulse train can be expressed as
, where H 0 is the maximum field strength of Gaussian pulses, ΔT is the time interval between successive pulses, is the pulse- The complex function of ( ) 
